Few authors have addressed the topic of graphic data presentation. The purpose of our study was to combine several guidelines in order to evaluate three anaesthesiology journals listed in Index Medicus (Australian, American and Italian) in terms of the appropriateness and the quality of presentation of graphs.
Every author knows that a well-designed data graph is the simplest and at the same time the most powerful of all methods to explain analysis and to present the conclusions of a study. Moreover, it is known that the busy reader, instead of reading an entire article, often focuses attention on those tables and graphs that have a strong impact. Graphs should therefore display data simply, accurately, clearly and exhaustively. Vast quantities of graphics are published, and the reader of medical literature is beset with an excess of complex graphs in which numbers, symbols, lines and points are presented in a plethora of colours, not least because computer facilities make graphics extremely easy to draw. Computers are now used to draw graphs for the same reason that they are used to analyse data: they are fast and fairly easy to use. The fact that computers are relatively easy to use does not mean, however, that it is easy to express data clearly, exhaustively and with economy of words, numbers, lines and drawings. Indeed, computer facilities often represent a pitfall: the availability of highly sophisticated graphic software can lure the user into self-serving embellishment and decoration, and hence into redundancy. The primary aim of helping the reader to interpret the results accordingly evaporates.
The importance of guidelines for graphs, whether in scientific or other types of manuscript, was understood by many authors in the past, and various forms of statistical graphs have been in use for over two hundred years. Two of the most recent of such authors, Cox 1 and Tufte 2 , developed guidelines and suggestions that are intended both to correct and to encourage graphic representation. Avoidance of data distortion and close integration with the statistical description are the central issues. But to what extent can a graph define the quality of a manuscript? Is it possible to quantify this question? Do we need stricter rules and/or more abundant guidelines? Our answer is affirmative. To date, general guidelines have been delineated in the "Uniform requirements for manuscripts submitted to biomedical journals" 3 by the International Committee of Medical Journal Editors, but graphic-specific guidelines have not been adequately addressed; the problem is therefore current.
In our attempt to quantify the problem, we elected to draw on the literature of one of the most quantitative branches of medicine, namely anaesthesia, which we may approximately redefine as "applied physiology". Basic concepts of respiratory, cardiovascular, renal and cerebral physiology are continually applied during clinical evaluation of patients in the field of anaesthesia and critical care. Constant attention to trends, relationships and changes in these and other variables tends to generate a high number of graphs in the given literature.
The purpose of our study was to combine several guidelines drawn from the literature, and to use this combination to evaluate three different anaesthesiology journals listed in Index Medicus in terms of the quality of presentation of graphs.
MATERIALS AND METHODS

Data Collection
We analysed three different anaesthesiology journals listed in Index Medicus and respectively positioned at the top, in the middle and at the bottom in terms of Impact Factor (IF scoring): Anesthesiology (American) with IF=4,711, Anaesthesia and Intensive Care (Australian) with IF=0,996 and Minerva Anestesiologica (Italian) with no IF. We limited consideration to clinical and laboratory papers, and thus excluded editorial views, case reports and correspondence. The analysis started from the April 1996 issue of the journals and then proceeded backwards until one hundred graphs per journal had been collected. The types of graph we sought were exploratory plots, quantitative graphs and summaries of statistical analysis. Three hundred graphs were considered sufficient for this explorative study. All information concerning graphic data presentation was stored in a custom-designed data base (File-Maker Pro-Claris).
Graphic Style
Our analysis was based on concepts expressed by two main authors in the field of graphical theory: Cox and Tufte. The first, in 1978, gave some the following elementary but important guidelines for the clarity of graphs 1 : 1. the axes should be clearly labelled with the name of the variables and the units of measurement; 2. scale breaks should be used for false origin. 3 . comparison of related diagrams should be made easy, for example by use of identical scales of measurement; 4. scales should be arranged so that systematic and approximately linear relations are plotted at roughly 45° to the x-axis; 5. legends should make diagrams nearly selfexplanatory, i.e. independent of the text. Tufte's contribution, in 1979, consisted in guidelines for accuracy, elegance and informativeness in graphical representation of data; in other words, he provided a language with which to discuss graphs. Of particular note was the theory that "data graphics should draw the viewer's attention to the sense and substance of the data, not to something else". Within this framework, Tufte described four specific principles:
1. above all else show the data; 2. maximize the data-ink ratio; 3. erase non data-ink ratio; 4. erase redundant data-ink. Pre-eminent is his idea of "data ink". by which he means the non-erasable core of a graphic, nonredundant ink arranged in response to variations in the number represented. Such "ink" is distinct from "non-data ink", which can be erased without loss of information. Two examples of such "ink" are gridlines (which should be completely suppressed, as they compete with the data) and hatching.
Tufte devised some parameters with which to measure the quality of information in display graphs. The first is the Data Density Index (DDI), an empirical measure of graphical performance. It is computed as "the number of numbers plotted per square inch". The range of this easily calculated index is 0.1-362, in technical, popular and medical papers 4 . However, high data density does not imply that a graph will be good, just as a low data density does not necessarily denote a bad graph. Although the intention of this index is to evaluate the efficiency of the transmission of information, it is fairly difficult to interpret. The second measure proposed is the Data Ink Ratio (DIR). This measure is calculated as the ratio of the amount of ink used in the plotting of data to the total amount of ink in the graph. The closer to zero this ratio gets, the worse the graph, the closer to 1, the clearer the graph. To illustrate these principles, Figures 1 and 2 show an hypothetical single graph as often observed in literature and as restyled in accordance with Tufte's theory. To extract the two ratio indicators, we set up a program in visual basic to calculate, on standardized 27,46 square inch plots, the amount of ink used; pixels are the measure unit.
We used further criteria for appropriateness to evaluate the type of data; nominal, ordered and continuous measurements each required a different type of graph, as indicated by Hennekens 5 . Each component of all graphs (scale, title, axes, legends and abbreviations) was attributed with a binary score (0/1) for correctness and clearness, as reported by Cox. Scores were added within each graph. Possible score sums range from 0-2 (poor) through 3 (sufficient) to 4-5 (good). All graphs were analysed by a single observer in order to maintain homogeneity of judgement.
As a final measure, we checked each paper for the duplication by tables of data depicted in graphs. Tables offer the advantage of summarizing results in a small space, but to duplicate data is considered redundant and excessive 3 .
RESULTS
The 1995-1996 issues of the given journals were sufficient for us to retrieve the requisite number of graphs. More specifically, we had to analyse 25 papers for Anaesthesia and Intensive Care, 13 for Anesthesiology and 24 for Minerva Anestesiologica to reach 100 graphs for each journal. Thus, the journal in the highest Impact Factor made the highest use of graphics. Only a few papers had just a single graph (20.26%), and about 50% papers had more than three. Table 1 shows the number of papers evaluated, years of publication and the number of graphs per paper.
Graph types in all cases were in accordance with the scale of measurement of the variables. The most represented graphs in the papers were bar plots (49,7%), followed by time line plots (34,7%). Figure  3 shows the different types of graph journal by journal. We note that the highest variety of graphs was found in the two journals with highest IF. Figure 4 represents the total score distribution by journal. Mean score sums were 3.22 (SD=1.04) for Minerva Anestesiologica, 3.47 (SD=0.81) for Anesthesiology, and 3.82 (SD=1.06) for Anaesthesia and Intensive Care. In the Italian journal, most of the graphs concentrated in the "sufficient" category (sum of scores=3). The Australian journal showed a balanced distribution between score sums 3, 4 and 5.
The American journal was situated midway. Differences between journals were more accentuated when we considered the correctness and clearness of each component of the graph. Table 2 reports the proportion of negative and positive scores for each attributed in the three journals considered. Tables duplicating data depicted in graphs were found in a low proportion of papers: 7.97% for Minerva Anestesiologica, 13.62% for Anesthesiology and 2.33% for Anaesthesia and Intensive Care.
To calculate Tufte's parameters, we considered the scatter plots, which represent the usual first step to study the relationship between two variables. The total number of scatterplots analysed was 42.
The values for the two parameters are reported in Table 3 . The Data Density Index (DDI) shows high value dispersion. The Data-Ink Ratio (DIR) has a lower value dispersion, and indicates a fair quality of graph, with values close to unity. 
DISCUSSION
The use of visual display to present data is very old. The development of graphical methods was studied in depth by Funkhauser (1938) , and other studies on the systematic use of graphical methods, above all for social and economic data, may be traced back to the seventeenth century. The systematization of spatial diagrammatic forms originate with Descartes (1637): the Cartesian coordinate system remains today the most intellectually important and useful of diagrammatic graphic systems. Subsequent breakthroughs in graphical presentation came with J. H. Lambert (1728-1777) , a scientist and mathematician, and W. Playfair (1759-1823), a political economist. In their studies we recognize current forms of statistical graphic repertoire, such as the time-series plots, the bar chart and histogram, the surface chart and the pie chart 6 , After 1860, graphs became increasingly common, and the years 1860-1890 were called the "golden age" of graphical technique. In these years, European statisticians were especially active in the elaboration of techniques for graphical presentation, with the larger aim of international standardization. More recently, in the postwar years, the practitioners of graphical techniques have proliferated: many important authors have specifically addressed the art of data display and have tried to codify standards of good graphical practice; Wilk and Gnanadesikan 7 , Enremberg 8 , McGill and Larsen 9 , Tukey 10 are prominent examples. This last, in the late 1970s, introduced the term "Exploratory Data Analysis" (EDA) to describe the art of "looking at the data to see what it seems to say"; he also developed summary graphs to convert data into quick and easy comprehensible forms. Numerous other authors, such as Bertin, Schmid and Tufte wrote on this problem. In his very interesting book "The visual display of quantitative information", Tufte tried to provide a theoretical basis for the development of graphical standards and introduced his basic tenet: "less is more".
The authors cited are only a few of those who studied graphical art. Today, graphical style plays an important role in all aspects of a statistical investigation, from the initial exploratory plots, through various stages of analysis, to the final communication and display of results. In many scientific papers, graphical procedures are not only helpful, but essential. Certainly, the quality of a scientific paper is, above all, in the scientific content, and it may seem presumptuous for us to write an article on the quality and the appropriateness of graphs. Equally though, the importance of a graph in the presentation of scientific reports is undeniable, and we emphasize how a graph can drive the reader to misinterpretation. Our investigation of indexed journals has revealed that definite guidelines for graphs are often lacking for authors and reviewers, both as regards appropriateness to the type of data, and as regards the final outlook. Very few journals, and Anaesthesia and Intensive Care can be included into this restricted number, present clear guidelines about graphical presentation. The fact that papers published in this Journal reported high scores cannot be a simple coincidence and witnesses a certain editorial strategy. Although by no means universally accepted, Tufte's theory and Cox's suggestions provide a simple but successful basis for the development of graphical standards, and offer a tentative methodology to referees and readers.
The application of those criteria to three anaesthesiology journals showed a sufficient-to-fair average quality of graphs; however, variability between papers and journals was high, and little originality in the choice of graphs was revealed by the methodology. We also found, although infrequently, papers duplicating information in tables and graphs. Tufte parameters (DDI-DIR) gave us further interesting hints about the optimization of the amount of information in each graph. Our experience allows us to state that DIR is a convenient measure that can be applied with relative ease; as to DDI, the score range is too wide, and the lack of a reference value for scientific journals makes its interpretation quite empirical.
This study did not attempt to outline rules. Rather, it combines a series of simple but complementary guidelines suggested by various authors, and proposes the combination as a tool with which to assess the appropriateness of graphical data representation, primarily, but not exclusively, in anaesthesiology journals. Furthermore, the guidelines reiterate that while the simple and straightforward graphical presentation of complex parameters is of great help to the reader, ornamental hatching and various optical effects may distract from, rather than focus attention on, the data. For example, threedimensional perspective often distorts the real differences between the categories analysed; the multiple outcome scale, used to show two series of data simultaneously, far from being intuitive, might be misleading. Above all, when preparing graphs for publication, medical authors should remember that a scientific graph always needs care: it has to induce the reader to think about the substance of the study and the wonder of the data, by elegant but simple presentation, rather than blind him or her with the tech-nology of graphic production. As Tufte said, the best graphs are "intriguing and curiosity provoking".
